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(54) Abstract title 



(57) A cam mechanism used for a photographic lens has a movable barrel (19) arid a cam ring (17) fitted on 
the movable barrel such that the moving barrel is movable relative to the cam ring along an optical axis of the 
photographic lens The cam mechanism includes at least one tapered cam slot (17b) formed on the cam ring 
which extends obliquely to a direction of the optical axis; at least one tapered follower projection (19a) 
integrally formed on the movable barrel, at least one lead groove (17p) formed on an inner periphery of the 
cam ring which allows for insertion of the follower projection into the at least one cam slot during an assembly 
of the photographic lens; at least one follower (18a) respectively formed on the at least one follower 
projection, and at least one stopper (17m) for contacting the at least one follower (18a) when the movable 
barrel is fully retracted into the cam ring for preventing the movable barrel from coming out of the cam ring, 
the at least one stopper (17m) is integrally formed on an outer periphery of the cam ring (17) 
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2344662 

; TELESCOPING -IYPE OF ZOOM LENS AND CAM MECHANISM THEREFOR */ • . 



■ ^ Present ^invention relates - to a telescoping type of 
: 20 ° m :1 * nS : ha ^ in9 , a plurality of moving barrels 
concentrically arranged which advance from or retract into a 
stationary barrel of the zoom lens, and also relates to^ 
cam ; mechanism,;: which can be used in such a telescoping type 
of zoom lens, for producing a predetermined movement between 
two moving barrels concentrically arranged; 

fl^ele^^op^ type 6* -zoom lens.having aVpurility; of 
: moving; barrels ^concentrically arranged is well known. This 
; ^yPe f.',W:lens^s widely utilized in a lens-shutter - type: 

of zoom compact asunera in . <5rder to. reduce ; the . thickness^ If! 

the camera" when not in use. X : ■ 

; • : IlV SUch % lens,: in order ' to realize! a ^ovilgl 

: barrei.y|irst barrel, ,W be, movable forward^ or rearward ' 
• along an 'optical axis' of th^^om^W -i^tiv^ to a second 
barrel; .(which may be a stationary barrel or a moving barrel) 
in which the moving barrel is positioned, male . and female 
helicoids (helicoid threads) are often formed on an outer 
periphery of the moving barrel and an inner periphery of the 
second barrel, respectively. The ro oving barrel is 
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: positioned in the second barrel, ^ hWlicoid 
engaging with the female helicoid. Due to the engagement of 
the helicoids, the tnbying barrel;;movesi. : along fche'^ptiGal ' : 
axis while rotating about, the* Optical/ 
V second barrel when the moving barrel islVd^riven to!; -.rotate ' ' 
about; the optical axis . .. Instead of using such helicdids, in , 
order to realize the moving barrel to move forward or 
rearward along the optical axis relative to the secondV 
barrel, it is also often the case that a . plurality of /cam . 
. slots or grooves, wkiqh are pa^liel to brie / knother' and 
oblique to the optical, axis direction, are formed on -the V . 
second barrel, and that a corresponding plurality of 
■;-/;. f P^i<^er. p^s • are f ixedv:^i . the moving barrel ,/ 'in ; ,tiiis :c|(e> / / 
;.. :the moving barrel is positioned in the second 1 barrel with 
the follower pins respectively engaging with the cam slots 
, or i grooves, so that the moving barrel, can move along, the 
.Optical axis while rotating about the optical axis : relative 
//to the second barrel/.;/;:-.. 

: In such a zoom lens, if a strong impact, is applied to, '"':\'. :: / 
the front end of the zoom lens in a direction of retraction 
thereof while the moving barrel is advanced from the/second 
... barrel, the moving barrel is forced to retract back into the.. 
. second barrel/ while rotating. . For this reason , ' in ' order.... to-. 

protect a gear train ; : / :; provided in a drive . mechanism f or/.: ^ . v . 
moving the moving barrel, from being damaged, a clutch is . 
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generally provided in the gear train. However, if a strong 
impact is applied to the front end of the zoom lens in a 
.: direction lof detraction ^hereof ' whil^ the mpyih^ barrei is 
fully retracted in the second barrel, the moving barrel is 
forced to . rotate in. a rotational direction to further^ 
retract into the second barrel . This results in damage to 
the moving barrel, the second barrel and/or other peripheral 
.members, particularly in the case where the lead of the 
helicoids or the lead of the cam; slots, or grooves is large, 

: ::wher^|the helicoids or., the . cam- slots; or grooves "= are' • 
f0rmed SUCh that the movin * barrel moves by a large distance 
along the optical axis for an amount of rotation of the 
moving barrel relative to the second barrel . ■• = .:■ . 

. It is well known to provide a zoom lens in which a 
moving barrel (first barrel) is guided along; an optical axis 
without rotating thereabout relative to another barrel 
(second barrel). The zoom lens is driven to move along the 
optical axis by a cam mechanism including a cam ring 
arranged concentric to the first barrel. The cain ring is 
provided with a plurality of cam slots in which a 
corresponding plurality of followers are respectively 
, mted> ..so- that the first barrel moves along the optical 
axis 0 relative to the second barrel when the cam ring : 
'•^ta|es about the optical axis relative to the ^first barrel , • • 
; ln such a conventional zoom lens, the cam slots are formed 
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on the cam ring such that side surfaces of each cam slot, 
which determine a predetermined contoured cam surface 
• , thereof, extend parallel to each other and substantially 
perpendicular to a part of the wall of the cam ring where 
the cam slot is formed „ However, when a cam ring provided 
with a plurality of cam slots each having such a : shape is 
produced., by molding-, it is necessary to use a mold having "a '. ; " : 
complicated, structure consisting of a plurality of . 
complicated; mqid^pieces . 

An object of the present invention is to provide a 
telescoping type of zoom lens having a plurality of moving 
barrels concentrically arranged, which is provided with a 
mechanism for preventing the zoom lens from being damaged 
when a strong impact is applied to the front end of the zoom 
: lens in a direction, of retraction thereof while the; zoom 
'v;-lens is fully retracted ..' 

. Another object of ..the present invention is to provide a 
cam mechanism including a cam ring provided with a plurality. 
. . of cam slots for producing a predetermined movement between 
two moving barrels concentrically arranged, which can ; be 
:; : used in a telescoping type of zoom, lens and which does: not, - 
.require that the cam ring be molded by a : mold of complicated 
• structure. 
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to an aspect of the present invention, there is provided a 
lens barrel having "first, second arid third barrels 
concentrically arranged in this order from ^ optical ^is . 
The lens barrel includes; at least one cam slot formed -oh^ 
the second barrel and/extending oblique to ajdirecfeion 
the optical axis ;: at ••least one guide groove^ f ormed o|Sj 
inner periphery of the third barrel; at least; one follower; 
formed on an outer periphery of the first, barrel and 
engaging with the at least one guide groove through the at 
least one cam slot; and at least one member integrally 
formed on an outer periphery of the second barrel adjacent 
to an erid . of M* e at lea st one cam slot, the at least one 
member including a surface formed thereon; to contact the/at 
least one follower when the at least one follower moves to 
the end of the at least one cam slot. 

The at least one guide groove may be formed to extend 
in the direction of the optical axis. 

Preferably, the end of the at least one cam slot is a 
;:rear end of the at least one cam slot, sd that the 'at" leist'' 
one follower contacts the surface when the first barrel is 
fully retracted into the second barrel. 

Preferably, ; the second barrel is guided alohg^the 
optical axis without rotating about the optical axis 
relative to a stationary .block of the lens barrel." ; 
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. .£^ef^l^:hke . thi^ batrr^i is fitted oh' the /second^ 
barrel in such ; a ^manner tha t- the third barrel ffi rotatal^M 
^about vthe opticll axis - relative the secon|$barrei ; ail' 
inunovable along the optical axis relative to^CthevselS 
; barrel. 

; ' Preferably, the at /least one^ follower ■ -eacfeihciudei^ 
follower projection formed on .the' outer periphery of tnC 
first barrel, and a ring member supported on the follower, 
projection, wherein the follower projection and the. ring 
member, engage ..with the-at least .one^c^^iiVind the at ' 
least, .one- guide groove, respec|iv|ly/ *; and 'further - wherein 
the ring member contacts the surface when . the follower 
projection moves to tlie : ;end of the cam slot. 

. ; ■ Preferably, the'foliower pro j ection and ' the at" lea ^ ' 
one; cam slot, ; which engage wi th ; eachVother,tar^ ' each ' tapered , 
in a direction aWay from the optical axis. - 

Preferably, the,at least one cam slot is oblique .to' the 
direction of the optical axis by a predetermined angle. 

' ^^^y' thW-.at least one cam; sl Q t;.is^providei at 
the .. en<3 : the ^ e ° f ' ; ^ ith >n - end ' s 1^^^^^^ a 
circumferential, direction of the^second; barrel, ;;the at least - 
one member being formed along .the end slot ; V 

• Prefer ^ bly ' . se< =ond barrel; ^l^ei ^f irst , flange : 
formed substantially bn a rear; ^ of y 

the second birrel. so as to prevent thj third >barrel- from • 



.QB 2_344 662 



Page 30 of 83 



7 



moving fprwardly from the second barrel: along: the optical I 
axis, ; wherein the at least one xaember is formed integral , 
with the first flange.- . 

: : : Pref6rably ' the ^ barrel further includes: a second 
Jlange ^f^f ^t end of the outer.; periphery' of. 
lithe second barrel behind the first^ flange Vith a 
circumferential groove formed therebetween; and at least one 
Projection formed on a rear end of the third barrel and 
extending inwardly toward the optical axis, the at least one 
Projection being positioned in the circumferential groove ^to 
be guided along the circumferential groovei ,o that the third 
barrel is rotatable about the optical axis relative to the 

second barrel while being -«,ei »s..«^ < 

«iiig restricted from raving along the 

optical axis relative to the second barrel. 

Preferably, the lens barrel further % includes : a 
.stationary barrel in which the third barrel is positioned, a 
. male helicoid being formed or. an inner periphery of the 
stationary barrel; and a female helicoid formed on 
end of an outer periphery of the third barrel and engaging 
with the male helicoid. so that the third barrel moves along 
the optical axis when driven to rotate about the optical 
axis relative to ^jsrtabn&^^arleiaj'.iy*^ 1 

: - ^ably, the lens barrel further includes fiit deastS 
one engaging projection formed on the second barrel and 
extending outwardly in . radial fraction away from the ' 
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; optical axis; arid, at least one linear guide groove formed ori ! 
'/::V;.the '"ituinr p$riph£ty^ . pf . j|le s t a t i binary; • barrel, the at least 
one engaging projection engaging with the -at least one ' 
linear guide groove so as to guide the second barrel: along 
the optical, .axis.. : ./ . 

Pref erably, the;; lens, barrel further includes ;eit - least - 
one lead groove for the at least one the follower projection 
to be inserted into: the at least one cam slot during an 
assembly 1 of the lexis barrel, the at least one lead, groove 
being f onned inner periphery of a rear , end of the ■ 

second barrel at a rear end pf the at least one cam slot. 

Preferably, a camera - is provided with the lens barrel,;; 
the camera including a . stationary block on : which thej ; -:. 
V : W... stationary barrel is integrally formed. 

According to another aspect- px; the present invention, 
there is provided a telescoping type of zoom lens having 
firsts second -^dothird'- barrels, cohcentri arranged iri 

this order from an optical axis . j/The , telescoping t^^ of 
zoom lens includes : a plurality of cam slots formed on the 
second barrel and extending parallel to one. another oblique 
to a direction of the optical axis; a plurality of guide 
grooves formed on an inner periphery of the.: third barrel; a 
plurality of.^f bllowers - formed on an outer periphery' of the 
f irst barrel and respectively engaging with the. plurality of 
. guide grooves . .through the; plurality of cam. slots ; and . a 
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Plurality of member^ each /biingr Jin tegraUy f Prison . ah 
outer periphery pf the second barrel adjacent to a-rear end 
of a corresponding one of the plurality of cam slots, the 
Plurality of followers respectively contacting the plurality 
of members when the first barrel is fully retracted into the ' 
second barrel. 



to another aspect of the present invention, there is 
provided a cam mechanism used for a photographic lens which 
includes a moving barrel arid a cam ring fitted on the moving 
barrel such that the moving-barrel is movable relative to 
the cam ring along an optical axis of the. photographic lens . 
The cam mechanism includes: at least one cam slot formed on 
, the cam ring extending oblique to a direction of the optical 
, -i axis .wherein the at least one cam slot is formed such that 
a cross-section along ^ plane perpendicular to a 
longitudinal direction of the at least one cam slot tapers 
in a direction away from the optical axis; at least one 
follower projection integrally formed on the moving barrel, 
wherein the at least one i follower projection is formed to 
taper in the direction away from the optical axis to be 
firmly fitted in the at least one cam slot;\a t ; least one 
lead groove for the at least one follower pro j ect^ to be • 
inserted into the at least one cam slot during ^ assembly 
of ,the.photogr^hic lens, iat least one Jiead groove being ' 
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formed on an inner periphery : of a rear end of the moving - 
barrel at a rear end : of the at least one cam slot; at least 
;•;;;:,>. . one follower respectively provided on the at least one - 
follower projection; and at least one. stopper contacting the 
at least one follower when the moving barrel is fully 
retracted into the cam ring in order to prevent the moving^ 
barrel from coming out of the cam ring from a rear end : 
thereof, the at least one stopper being integrally formed on 
an outer periphery of the moving barrel adjacent to the. rear; • 
end of the at least one cam slot- 
Preferably, the photographic lens is a zoom lens. . 

Preferably, the, cam: ring is guided along the optical 

" : - axis without rotating about the opt axis Relative to a • = • ■ 

stationary block of the photographic lens. 

Preferably, the at least one follower is a ring member- : ; .. 
secured onto the at least one follower projection by a 
fixing screw screwed in the at least one follower 
• projection. '"•/• 

Preferably, the at least one cam slot is oblique to the 
direction of the optical axis by a pr ede t eiroined angle. 

Preferably, the cam mechanism further . Includes : a 
rotational barrel fitted on the cam ring to be rotatable 
about the optical axis relative to the cam ring; and at 
... least one guide groove formed on an inner periphery of the 
rotational barrel, the at least one follower being fitted in 
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' . 4%; : a t le^^eVgruide groove . to be guided thereklong . 

-^^T^ ; ^§J^¥^ : p ^ W de groove may be formed to extend / 

: ^i^ e direction of the optical axis. 

Prefer^ly, the rotational barrel is. fitted on tiffin; 
t ring to be immovable along the optical axis relative to the 
. ; icam ring. 

According to yet; another aspect of the present 
invention, there is provided a cam mechanism used for a 
photographic lens v^ich includes a moving barrel and a cam 
ring f itted on the moving barrel such that the "moving barrel 
r; is movable relative to the cam ring along - an optical ax^Uf ' : " 
g.the .photographic lens;: ' The : cam mechanism: k includes • : af "T 
■;:;-;pluraiit:y ; of cam slots? formed on; tL, ^^^^^^^^ 
^parallel' to one " another oblique to , a' .direction \ ol the V 
^optical, axis, .wherein /.the. each- (it^pl^i^r^^ < t 
-•:v ls f ^ ed ■ ^h-. : that|a cross-section along - a ^lane V \ : 
perpendicular to a longitudinal direction thereof ; tapers : in 
a- direction .-away:; f^f'the optical axis a plurality of : ■ 
follower projections integrally formed oh the moving barrel, 
wherein each of the .plurality of follower projections 'is ' 
formed to taper in the 'direction away from the optical axis 
to be firmly, fitted in a corresponding one of the plurality • 
of .cam slots; a plurality of lead grooves fo^ each of! the . 
Plurality of follower projections to be inserted into a 
corresponding One of the plurality of cam slots during an 
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-../' . •'■c.r. : : .:V ■ 'v..v" : , : 

assembly of the photographic lens, each of the plurality of 

. lead .grooves being fo^ed on an^ihne^peri^ry of a- Sear 
end ?f the; moving; barrel, at a 'rear ehd : of :f;:cof responding 
one of the plurality of cam slots, a plurality " of followers 

/each provided on ia corresponding- one ' of the plurality of 

^pl lower projections; and a plurality of /stoppers J each 
contacting a corresponding one of the plurality of followers 
without Contacting a corresponding one of the plurality of 
follower; projections when the moving barrel is fuiiy 

.retracte^ 'injip the cam ring in order to prevent the moving- 
barrel from coming out of the cam ring from a rear end 
thereof, each of the plurality of stoppers being; integrally 
formed oh an outer, .periphery ;of the- moving barrel adjacent 
to a rear end of a corresponding .one of the plurality : of : cam 

•Slots,. / / ;-;V ; : 

An example of the present invent ion will now 

: be described below «in detail with 
reference to the accompanying drawings in which similar 
elements are indicated by similar reference ; numerals; and 
wherein :«■ ; 

Figure 1 is an exploded perspective view of a part of a 
.zoom 16ns .barrel; ■'; 

Figure 2 is an enlarged, perspective view of a- linear 
guide barrel of the ..zoom lens barrel shown in Figure 1; 



\ 
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Figure 3 is an exploded sectional view of a part of the 
zoom lens, barrel; ; 

Figure 4 is a sectional view of the part of the zoom 
lens : ^ rrel : shown in Figure . 3 ' in an assembled, state ;'• j 

Figure 5 is a developed view of the ; outer/periphery of 
the linear guide barrel shown in Figure 2; 

• Figure 6 is an enlarged view of a part of the developed 
view shown in Figure 5; ' 

Figure 7 is an enlarged .. schematic perspective view 
showing a part of the zoom lens barrel;: ' 

Figure 8 is a schematic perspective view shbwing the 
part of the zoom lens barrel shown in Figure 7 in an e : ngage|5 
•state; 

: . Figure 9 is ah ^enlarged lexploded perspective view of : a 
part of the zoom lens barrel ; 

Figure 10 is a schematic perspective view iiiustrat£gt> 
a state where an AF/AE shutter unit of the zoom lens barrel' ; 
is mounted to a first moving barrel ; 

/•; ;FiS^re:ii; is.an exploded perspective view illustrating' 1 
main parts |of the ^F/AE shutter unit of the zoom lens barrel' 
shown in Figure 7 , 8 , 9 or 10; 

\ ^ i?UJre 12 " 311 enlarged schematic perspective view of , 
the third moving barrel of the zoom lens barrel ; 

■;. Figure 13 : is a front elevational view of a fixed lens 
barrel blo< =H of the zoom lens barrel; 
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■•'"■■V. • • • . ■ 14 V ; ■:■ : ' • . ; ... 

Figure 14 is a sect ipnai view 'of ;' ari : upper part of the 
zoom lens barrel in a itiaximum . extended s tate ;" ' 

Fignuire 15 is a sectional;^ an. upper part of. -the 

zoom lens baarrel , ;. : Ulustr^iiig • rtialn a 

- : , .; • housed ' -s tate; ( ■ iit • ; . ... t ;;; ' :; - . ■ ' 

Figure 16 is a sectional .view of the upper part : of the 
zooni lens- b in Figure 15 in the maximum : -extended 

state; 1 ".:'- 

. .. \Figlj^47>£^.a sectional view of an upper part of the 
zopiii: lens, barirel in the houised state; 

Figure 18 is an exploded perspective view of the 
overall structure of the zoom lens barrel; 

Figure 19 is a block diagram of a controlling 1 system 
: for controlling an operation of the zoom lens barrel ; 

.; • Figure 20 is a sectional view of ah upper par of ' a 
- lens supporting, batrel which supports a front leris grdt2p> 
• VV:/-. therein, and a leiis fixing ring which "is- to be ^ciew-engag^d 
: • with .'the lens supporting .barrel ; 

Figure 21 is an enlarged perspective view of the : lens 
supporting barrel shown in Figure 20; and 

Figure 22 is an enlarged sectional view of . a part of 
the lens fixing, ring shown in Figure 20. 



Figure 19 is a schematic representation of various 
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elements which comprise a preferred embodiment of a zoom 
lens camera to which the present invention is applied. A 
concept of the present zoom lens camera will now be 
described with reference to Figure 19. 

The zoom lens camera is provided with a zoom lens 

barrel ; (zoom lens) 10 of a three-stage delivery type 
(telescoping type) having three moving barrels, namely a 
first moving barrel 20, a second moving barrel 19 and a 
third moving barrel (rotational barrel) 16, which, are 
concentrically arranged in this order from an optical axis 
0. In the zoom lens barrel 10 two lens groups are provided 
as a photographic optical system, namely a front, lens group 
LI having positive power and a rear lens group L2 having Wlffi 
negative power. 

; Ir * the camera body, a whole optical unit driving motor : r 
controller 60, a rear lens group driving motor controller 
. 61 ' a Z °° m °P erat ing device 62, a focus operating device 63, 
311 object distance measuring apparatus 64, a photometering 
apparatus 65, and an AE (i.e., automatic exposure) motor . . 
controller 66 , are provided. Although the specific focusing ' 
system of the object distance measuring apparatus 64. which 
is used to provide information, regarding, the object-to- 
camera distance, - does not form ; part of the present 
invention, one such suitable system is disclosed in commonly 
assigned U.K, Patent Application No . 2298331, fiied on • • 
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February 22, 1996, and published on 28 August 1996. 

the^' ■ v. 

focusing systems disclosed in U.K. Patent Application, No 0 
2298331 are. : q$: %hf squalled* ^pais'siye^ Vt^'^V ''Pthe^Vl^Qwn'. 

, ^au-feof 6cus. •syst^nas i t (e.g.- :f r'ac t iyei range finding systems such 
as - those based on infrared liglltva be" : • 

used . Similarly, a phbtometering system as disclosed in the 
• above -no ted U.K. Patent Application' No.;- 22983.31 
implemented as phbtometering apparatus 65... /: 

The zoom operating device : 62 can be provided .in- the 
form of, for example, a . manually-operable zoom operating ' 
lever :(not shown) provided on the camera, body or a pair of 
zoom buttons, <e.g. , a "wide" zoom button arid a "tele" zoom 
button, (not shown) provided on the camera body . When the 
zoom operating device 62 is operated, the whole optical unit 
driving motor controller 60 drives a whole optical unit 
driving motor :;2 5 to move the front lens ^tbupV'fil ' : aiid --the ; 
rear lens group L2, rearwardly or forwardly without regard 
to yav - focal: .length : and aj focal ; point thereof .; . In -..the; ;• 
following explanation, forward and rearward movements of . the 
lens ^roups,;::Li;;and. L2 by: .: the whole optical, unit driving ■•- 

. motor controller 60 (the motor 25) are referred to as the 
movement toward "tele* and the movement, toward *wide" 
respectively, since forward and rearward movements of the 
lens groups. LI and :L2 occur -when the zoom operating device. ; 
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62 is operated -to :*tele' and "wide" positions. 

; . The. imagfe magnification of the. visual fi6ld of a zbom-V/ 
finder 67 provided in the camera body varies' in sequence 
with the variation of the focal length through^ the operation 
of the zoom operating, device 62. Therefore, the 
photographer can perceive the variation of the, focal length 
by observing the variation of image magnification of the 
Visual field' of the finder. In addition, the focal length, 
set by the operation of the zoom operating device 62 , may be 
perceived -by a value indicated on an LCD (liquid crystal 
display) panei. (not shown) or the like. 

When the focus operating device 63 is operated,: the ' 
whole optical unit driving motor controller 60 drives the 
whole , optical; unit driving motor 25. ;At Ithe ! s^me; time; the . . 
rear 1 ens : group , driving motor controller 61 drives a rear 
lens . groups driving motor 30 . -Due to the'- driving; of.; the;;£ 
whole opiical iunit driving motor controller 60 knd the. rear^ 
lens group driving motor controller 61, the front and ' reir./ • 
lens groups LI and L2 are moved to respective positions 
corresponding to a set focal length and a detected object ' 
distance and thereby the ; zoom lens * is focused on ' the 
subject. 

Specifically, r the focus operating device 63 is provided 
;with a release button (not shown ) provided on' an upper wall : 
of the camera body. a photometering switch and a release 



switch (both not shown) are synchronized with the release 
button. When, the release button ; is half -depressed (half 
step) , the .[.focus operating device 63 -jcauses . the 
photoirietering switch : to be turned ON, and ; the object 
distance measuring and> photometering commands are 
respectively, input to the object distance measuring 

••' apparatus^. 6^\; : ^nd; :: fehe photometering apparatus 65. 

... When the .release button is. fully depressed (full step),, 
the focus operating device 63 causes the release switch to 
be turned ON, and according to the result of object distance 
measuring demand and a set focal length, the whole optical 
unit driving motor 25 and the rear lens group driving motor 
30 are driven, and the focusing operation, in which the 

• front leiis group LI and the rear 1 ens group: ii3 mcDv^ : t o : ; the 
focusing position, is executed, Further, an AE : motor 29 of 
an AF/AE (i.e., auto focus /autoexposure) shutter unit 
(electrical unit) 21. (Figure 11) is driven via the AE motor 
controller 6 6 to actuate a shutter 27. During the shutter : 

. -action, the AE motor controller 66 . drives the AE motor : 29 t6;, ; 
open shutter glades 27a of the' shutter" 27 fbr" a Specif ied : . 
period of time according : to the photometering information: 
output from the photometering apparatus 65. • 

: When ;t^e : zopm operating device 62 is operated, the: zoom, 
operating, device .62 drives; the whoie optical unit: driyirig 
motor: 25 ... to move the front, and rear lens groups LI. and L2- 
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together as a whole in the direction of: the optical axis 0 
(optical axis direction). Simultaneous with such a 
movement, the rear lens group driving motor 30 may also be 
driven via the rear lens : group driving motor controller 61 
to move the rear lens group L2 relative to the first lens 

. group ; LI..,: • However, : this *kai not ;per formed under "the 
conventional concept ;of zooming in which the focal; lerigth is 
varied sequentially without, moving ^he position offthe focal 

. point. When the . zoom operating device 62 is operated, the 
following two modes are available, namely: 

1. a mode to move the front lens group LI and the reaifi 
lens group L2 in the optical" axis direction without, varying 
the distance therebetween by driving only the whole optical; 
unit driving motor 25; and, 

.2. a mode to move the front lens group LI and the rear 
lens group L2 in the optical axis direction while: varying 
the dis tance therebetween by driving both the . whol^bptical '.. 

unit driving motor 25 and the rear lens group driving motor 



30. 



In mode 1, during a iob^ih^f operation an ' ih-f ocus\ 
condition cannot be obtained at all times with respect to a 
subject located at a specific distance. However, this is 
not a problem in a lens-shutter type. camera, since the: image 
of the subject is not observed- through the photographing 
optical system, but through the finder optical /system that 
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is provided separate from the photographing optical system, 
■ and it is sufficient to only, be focused when the shutter is - 
released; In mode. 2* during a zooming operation,: the front 
lens group LI and : the rear. : lens group L2 are moved without 
•' regard to whether the focal? poirit - m^ • ■ 

•: ; . shutter is. released, the focusing operation ( focus adjusting . : 
operation) is : carried out by moving both the whole optical 
unit driving motor 25 and the rear lens group driving motor 
,' 30. ;J\ '/••:;' . . : , \ • ;," \ ' ' ' : ^ * ; : • • • • 

; When the focus operating device 63 : is operated in-' at . 
least one part of the focal length range set by the sbom ' i'^:- 
, operating device 62, the whole optical unit driving motor" 25 
/^.".^•and. the. rear lens group - driving motor .3 0 are driven to bring 
'.the subject into focus . : -The amount of movement of each .lens 
group LI or L2 by the whole optical unit driving motor 25 
:.. and the rear lens group driving-motor: 3 0 is ^determined not . : 
only -using subject .distance information 1 provided fr 6m the . 
object distance measuring apparatus 64; but: .also by:- using 
focal length information set by the zoom operating device 
62. In such a manner, when the focus operating device 63 is 
operated, by moving .both the whole optical unit driving 
motor 25 and the rear . lens grouj? driving motor 3 0 .the 
position of the lens groups LI, L2 can /be flexibly : 
controlled, as compared with lens movements controlled by 
. * . '. . cam. ' :'.:•• ' • " " :: :-A,i v; V :' - " ':' .--'J?? " ' : r ; V v :: " 
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The zoom lens camera of -this embodiment can also be '. 
controlled in a different manner such that, during an 'i'.^'^ 
. . / - operation of the zoom .operating, device 62,; only the 
.^gPgf»f?i?the; zoom finder 67 and .the fpcal length 
information are varied without driving either the whole 
° PtiCal Kg ^ing motor 25 or the rear lens group driving 
V m ° t0r 3 °- the focus operating device 63 is operated, 

- both the whole optical unit driving motor 25, and the rear"""-*" 

gr ° Up driving motor 30 moved pultaneously V. 

: Recording to the focal ; length information and. the subject 

-distance information obtained by the object distance ' 
measuring apparatus 64 to move the front lens group LI and 
the rear lens group L2 to respective positions detegiined 
according to the focal length and the subject distance 



; . An embodiment of the zoom lens barrel according to the 
'above concept will now be described with reference to mainly \ 
Figures 17 and 18 V. : 

* i.The;overail .structUre ; of the zoom lens' barrel 10 will 
firstly be /described. , 

The zoom .lens barrel 10 is: provided, with the jlfirst V 
moving barrel 26, the second moving barreV;!?; ..the^rd:/ : 
moving barrel 16, and a fixed lens barrel block 12 1 The 
third moving barrel 16 is engaged with a cylindrical portion 
12P of the fixed lens barrel block 12. and moves in the 



\ 
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optical axis direction upon being rotated The third moving 
barrel 16 is provided . on an dinner periphery thereof with a; 
linear guide barrel (cam' ring : ;of f : secpii^ {'barrel)' ; 17 : ;:..^which is., 
restricted in rotation The linear guide barrel 17, and the 
third moving: barrel : 16 move together as a whole, in the 
optical axis . direction,/; wi tri : the' t)iird ' moving barrel 16: 
rotating relative to the linear guide barrel ; 17 . The . first 
moving barrel 20 moves in the optical axis direction with, 
rotation thereof being restricted. The second moving barrel .. 
19 moves in the optical axis direction, while rotating 
relative to the linear guide barrel 17 and the first moving 
barrel 20. The whole optical unit driving motor 25 is 
• secured ; to; the fixed lens barrel block 12: A "shutter 
mounting stage 40 is secured; to, thev/first moving barrel 2 0.. 
The AE motor 2 9 and the rear lens group driving motor 30 are 
mounted oh the shutter mounting stage 40; -The front lens 
group LI. and V the rear ; lens group. L2 are respect 
supported by , a leris Supporting barrel ( lens ; supporting ; 
annular ; member ) 34 and a- . lens supporting barrel; 50 . 

An O-ring 70, made of a rubber or the like, is 
positioned between an outer . peripheral circumferential 
surface of the lens .supporting barrel .34, in the vicinity of 
the, \ frbnt : | : : . end thereof ,. ' ; and ' .an ' ihner :; ' : ..-{per ipheral ' . 
: circumferential .. surface of ah inner flange portiqii '20b 
formed ..integral with -the first moving barrel. :2 0 in the, .. 



" :v.' / .■'■■}']■ j"^^- ' •.. ■ 23 • • I ;J^; '., K^.vVv 

vicinity qf ttjtie front; end thereof, >as , shown ^ in Figure^l?; 
-The O-ring 70 prevents- water f rom'p^etratlng: the zoom leius 
barrel 10 at the front end thereof between the first moving 
barrel 20 and the lens supporting barrel 34. 

..' AS * hqyn in Figure ?0 ' the front lens group LI * consists 
of five lenses, namely, a first lens (frontmost lens)! Lla, i . 
second lens Lib, a third lens Lie, a fourth lens Lid and a: 
fifth lens Lie in this order from an Object side to an image'- 
side, i.e. , from the left hand side to the right hand side 
as viewed in Figure 20 . 

A front positioning ring 36 for determining a distance 
between the second lens Lib and the third lens Lie is 
positioned and held between the second lens Lib and the 
third lens Lie. An outer peripheral surface of the 
positioning ring 36 is fitted on an inner peripheral surface 
of the lens supporting barrel 34. Likewise, a rear 
positioning ring 37: for determining a distance between the 
third lens Lie and the fourth lens Lid is: positioned and 
held between the third lens Lie and the fourth lens Lid. An 
outer peripheral surface of the' positioning ring 37 is 
fitted on an. inner peripheral surface of the lens supporting: 
barrel 34. The rear surface of the fourth lens Lid and the . 
front surface' of' the fifth . lens Lie are cemented to each 
other, so that the fourth and fifth lenses Lid/ Lie are 
formed as a cemented or : composite lens . a front ■ 
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circumferential edge Llf of the second lens Lib along the 
circumferential edge thereof contacts the rear surface of 
the first lens Lla, A rear circumferential edge Llg of the 
fifth lens Lie along the circumferential edge thereof 
contacts, an . inwardly -projecting flange 34b formed integral 
with the rear end of the lens supporting barrel 34 . 

A female thread 34a is formed oil an i.nhfer periphery of 
a front part of the lens support ihgr : barrel . :3 4 , ks shown in 
Figure 2 0 or 21. A lens fixing ring 72, for fixing the 
first lens Lla to the lens : supporting barrel 34/ engages 
with the lens supporting barrel 34. With this arrangement/ a 
male thread 72a formed on the outer peripheral surface, of; 
the lens fixing ring 72 meshes with the female thread 34a. 
A circular abutting surface 72b is formed on the lens fixing 
ring 72 on an inner peripheral surface thereof. The 
circular abutting surface: 72b comes into contact with a 
circumferential : portion fp; of the front surface of the first 
lens Lia . in. : a ; /stkte when the lens fixing 1 ring 72 is: properly 
screw-engaged with the lens supporting barrel 34. The 
circular abutting surface 72b is formed to be substantially, 
parallel to the circumferential portion fp so that the 
circular, abutting surface 72b and the circumferential 
portion fp may : . be brought tightly into contact 7 With each 
other when the. lens fixing ring 72 is properly screw-engaged 
with the lens supporting barrel 34. 



GB 2 344 662 



Page 43 of 8 3 



.: : A supporting ring portion 34c is formed integral with 
the lens supporting barrel 34. The supporting ring portion 
3 4c--. is located >■ inwardly from the female; thread 34a in a 
radial direction of the. lens supporting barrel 34. The inner 
peripheral surface of the supporting ring portion 34c, which 
extends^ -i-^.: tlie; ;opt * cal : axi s . direction, comes into contact 
with an outer circumferential edge or surface op of the 
first lens Lla. An: annular positioning surface 34d, 
extending substantially normal to the optical axis 0, is 
formed on the lens supporting barrel 34 immediately behind 
the supporting ring portion 34c. The circumferential edge 
' ° f the rSar SUrface ° f the . first lens Lla comes into contact, 
with the positioning surface 34d. With this structure, the ': 
first lens Lla is immovably held between the circular 
■ abutting surface 72b and the positioning surface 3 4d /in the: 
optical : axis; direction, and the first lens Lla; is immovably 
held J by. .th^ Supporting:, ring/.; portion i\3 4c /.dn a. radial 
direction, normal ;to the optical axis 0. 

As shown in Figure 22, a coating 72e is coated on the 
circular, abutting surface 72b. The coating Vl2e : ...is;... .a/- 
waterproof coating made of a synthetic resin'. In ..the 
present embodiment, "Fantas Coat SF-6 {trademark of a 
coa 5B|. i :;^^W by Japanese Company ■ Origin Deiikit 

Kab ^^^^^ a "V' used as the coating 72e. The front*/ 
surface of the first lens Lla is formed very smooth, whereas 
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:tke circular .flitting surface 72b : 6f : the lens .fixing rih<g 72 : 
■■is', not formed as smoothly (i.e., hahs : . a rough - f ini sh ) as. -the 
front surface of the first lens .EM ' This is beca\ise : ,tiie 
first lens Lla is more minutely and accurately' formed than 
the lens fixing ring 72 since the first lens Lla is a 
precision optical element. Due to this fact, were it not 
for the coating 72e on the circular abutting surface 72b, a 
substantial gap . would b^ formed between the circular 
abutting surface 72b and the circumferential portion . f p even 
if the c i r qui ar ; abu 1 1 ing surface 72b properly arid tightly in 
contact with, the circumferential portion fp by : . properly 
screw^erigagihg -the lens fixing ring 72 : with •• N th^ 'f^afe 
thread 34a . As a result , Water Vor moisture would be able to / 
penetrate into the lens supporting, barrel 34 through the 
substantial gap.. However, ill: the present -embodiment, the. 
coating: 72 e is applied to. the circular abutting surface 72b 
so as to make the surf ace , thereof a smooth surface which 
does not cause to form such a substantial gap between the 
circular abutting, surface • 72b and the circumferential 
portion f p when the circular abutting surface 1 72b properly 
. contacts the circumferential portion fp. Accordingly, the 
coating 72 e, positioned and ; he Id ^between the circular; 
abutting V surface 72b and the v :c i r cumf er eri t i al portion ; fp,. 
effectively prevents water or moisture from penetrating the 
.lens supporting barrel 3 4 : between : the circular abutting 
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surface 72b and the circumferential portion fp under the 
condition that the circular abutting surface 72b is properly 
and tightly in 'contact with the circumferential portion fp 
by properly screw-engaging the lens, fixing ring: : 7 2 withvthe 
f emale : ttoead 34a. • 

• A circular surface 72c is formed on the lens fixing 
ring 72. i The circular surface 72c is connected to : -ehe^ 
circular abutting surface 72b and is located ^immediately;, 
outward in a radial direction from the circular abutting 
surface. 72b. A front part of the outer circumferential 
^urf a<^:. op of the first lens Lla (i.e. a circumferential 
edge of the first lens Lla) comes into contact with the 
circular surface 72c when the l^ns fixing ^ ring 72 properlyv 
engages with the . female thread 34a . Due to the circular 
surface 72c contacting' the outer; -^ircumf ere ; nt:ial surface op, 
the. watertight structure between ;;:the .circular ^abutting . 
surface 72b and the circumferential portion fp, that is 
realized by the coating 72e, is enhanced. That is, a highly 
efficient watertight connection between the first lens Lla 
an<*. the lens fixing ring' 72 is realized by providing ■ both 
the coating : 72 e and the circular surface 72c with the lens : 
fixing ring 72 . 

An annular recessed portion 34e is formed on the lens 
supporting barrel 34 between the female thread 34a and the 
supporting ring portion 34c. As shown in Figure 17, in a . 



state where the lens fixing ring 72 is properly screw- 
engaged; with the female thread 34a, a rear end 72d of the 
lens, f ixing ring , 72 is positioned in the aririular recessed 
portion 3 4e with the rear end 72d not contacting the bottom 
( i . e . v rearmost end)- of the recessed portion 34e, namely, -an 
annular space is formed in the. annular recessed portion 34e 
between the. rear end 72d and the bottom of the recessed 
portion 3 4e. : 

The fixed lens barrel block 12 is fixed in front of an 
aperture plate 14 fixed to the camera body. The aperture 
plate 14 is, provided on a center thereof with a rectangular- 
shaped aperture 14a which forms the limits of each frame 
exposed. The fixed lens barrel block 12 is provided:, on an 
inner periphery ; of the cylindrical portion 12p, with a 
female helicoid, 12a, and, also a plurality of linear guide 
grooves 12b each extending parallel to the optical axis 0, 
i.e.> extending in the optical axis direction. At the 
bpttbm of .one of the linear guide grooves 12b, namely 12b' , 
, "a code iplate. 13a, having ; a predetermined; c o d e pa 1 1 em , i s 
fixed. The code plate 13a extends in the optical axis 
direction and .extends along substantially the whole of the 
length of the fixed lens barrel block 12 The code plate 
13a is part pf a flexible printed circuit board 13 
positioned outside the fixed lens barrel block 12. 

In the fixed lens barrel block : 12, a gear housing 12c , 



which is recessed outwardly firom an inner periphery of the 
cylindrical portion 12p of the fixed lens barrel block, 12 in 
a radial ; direction while extending in the optical axis 
direction, is provided as shown in Figure 13 or 181 In the 
gear housing 12c, a driving pinion 15, extending • in - the 
optical axis direction, is rotatably held . ; Both -ends <*frln- 
axial shaft. 7 of the driving pinion 15 are totatively 
supported:^ 1^ supporting hollow 4, provided, in -the fixed 
lens barrel b^ and a supporting hollow 31a, provided 

on a gear supporting plate 31 fixed on the fixed lens barrel 
block 12 by set screws (hot shown), respectively. Part of : 
the- teeth of the driving pinion 15 project inwardly from the 
inner periphery of the cylindrical portion 12p of the fixed 
lens barrel block 12 so that the driving pinion 15 meshes 
with an outer peripheral gear 16b of the third moving barrel 
16,: :as shdwhi in ^Figure 13 . yi- 

On an inner periphery of the third moving barrel 16, a 
plurality of. . linear guide grooves 16c, . each .extending 
.parallel to the optical axis 0, are fotmed. "^At : an p outer 
periphery of the rear end of the third moving barrel 16, a 
male helicoid 16a and the aforementioned outer peripheral 
..gear 16b are provided as shown in Figure 12 . The. male 
helicoid 16a engages with the female helicoid 12a of the 
fixed lens barrel block 12 . The outer peripheral gear 16b 
engages with the driving pinion 15. The driving pinion 15 
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has : an ..axial length sufficient to be capable of engaging 
with- the outer peripheral gear 16b throughout the entire 
range of movement of the third moving barrel 16 in the 
optical axis direction. 

As shown in Figure 2 , the linear guide barrel 17 is 
provided, on a rear part of ail outer : periphery thereof / with. 
;a rear end flange 17d. The rear end. flange 17d .has a 
plurality of engaging projections 17c each projecting iaway.. 
from the optical axis O-in a radial direction. The linear 
guide barrel 17 is fur their provided, in front of the rear 
end" flange 174, with a retaining flange : 17e. A . 
: c ircumf ereht ial, : groove llg is formed between the. rear end 
flange 17d and the ..retaining fl ange • : 17 e .. Th6j retaining : : : 
: flange. 17 e has ; a radius smaller';, .thari the rear iend-'-f lange: 
17d. The retaining flange 17e is provided with a plurality 
of - cutout portions 17 fy Each of the cutout portions : 17 f 
allows a .corresponding- ; engaging pro j ection . i6d . . tp ; ; be ; . 
inserted into -the circumferential groove 17g, as shown; irtj.; 
Figure 17 . '£: : . • : ' 

.' : : : :'The • thirdr'moving barrel 16 is provided, 6n -an "inner *" : 
periphery of the rear end thereof,, with, a plurality of 
engaging piroj ec tions 16d. Each of the engaging projections 
16d pro j ec ts .'towards the; -optical , axis ..^O in -a/;, radial 
direction;. By inserting the engaging projections 16d into 
the circumferential;: groove 17g, through the corresponding . 



cutout portions 17f, the engaging projections 16d are 
positioned in the circumferential groove I7g between the 
flanges 17d and 17e (see Figure 17). By rotating the third 
moving barrel 16 relative to the linear guide barrel .17, the 
engaging pro j ec.tions 16d are engaged with the linear' guide 
barrel 17 . . 

On the rear end of the linear guide barrel 17, an 
aperture plate 23 having a rectangular-shaped aperture 23a 
approximately the same shape as the : aperture 14a, is fixed. 

The relative rotation of the linear guide barrel 17/ 
with respect to the fixed lens barrel block 12, is^ 
restricted by the slidable engagement of the plurality of 
engaging projections 17c with the corresponding linear guide i 
grooves 12b, formed, parallel to the optical axis 0. 

■ A contacting terminal 9 is fixed to one of the engaging 
projections 17c, namely 17c". The contacting terminal 9 is/- 
in slidable contact with the code plate 13a, fixed to the 
bottom of the linear guide groove 12b', to generate signals 
corresponding to focal length information during zooming. 

On the inner periphery of the linear guide barrel 17 a 
Plurality of linear guide grooves 17a are formed, each 
extending parallel to the optical axis 0. A plurality of 
lead slots (cam slots) 17b are also formed on the linear 
guide barrel 17 as shown in Figure 2 or 18 . The lead slots 
17b are each formed oblique (inclined) to the optical axis 
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0. The linear guide barrel 17 may be provided; , for example, . ; , 
. with three linear guide grooves 17a and th^ee lead slots 
■:' 17b- More specif ically/ : the lead .: s ; 16ts : ^ 17b. -extend parallel 
to one another as shown in Figure 5 and each lead slot 17b 
is 1 oblique to both the optical axis direction (horizontal • 
direction as viewed .in Figure 5) and ;a : circumferential 
direction of the linear guide barrel 17 (vertical direction 
as viewed in Figure 5) by a predetermined angle . 
Furthermore, each; lead slot 17b is formed such that a cross- 
section along -./.a plane perpendicular to a longitudinal . 
direction thereof tapers in a direction away from ..a : :. 
corresponding, follower projection 19a, i.e. ■, away from the. ; V;, 
optical ^axi.^-Vi-Oy:.'. to correspond to the: shape- J ttier^ : - 
corresponding follower projection 19a, In other words , > each 
lead slot 17b is formed such that side surf aces 17bs of each 
lead slot 17b, with Jwhich the corresponding, follower : 
projection 19a slidably contacts,, approach each other . in the . . 
direction away from the corresponding follower projection 
19a. A cross-sectibnal shape of each lead slot 17b along a 
• : .. plane perpendicular., to,, a longitudinal direction thereof is 
accordingly trapezoidal corresponding to thk shape of the . 
corresponding follower projection 19a, as can be seen in 
.' Figure .3., 'oar.. 4 . 

^ii^J ^fecbnd moving ba"rr^^cl-9^ : ^iehgag#s! -with •' the- inner 
periphery, of - -the linear guide ,-barrei ■■ 17 ; On the inner 



periphery of the second moving, barrel 19, a ^ plural ity..:bf 
lead grooves. 19e are provided in a direction inclined 
oppositely to the lead slots 17b. Each lead groove 19c is 
oblique' to. both the optical axis, direction and a 
circumferential direction of the linear guide barrel 17 : by a 
predetexTtiined angle, similar to each lead . slot 17b. On the 
outer periphery of the rear end of the second moving barrel 
19- ,a plurality of follower projections 19a aire provided. 
Each of the follower projections 19a has a trapezoidal 
cross-sectiohal; shape projecting away from the optical axis 
0 in a radial direction. The trapezoidal cross-sectional 
shape corresponds to that of -the corresponding lead slot 17b 
so that each follower projection 19a can firmly and slidably 
contact the side surfaces 17bs of the corresponding lead 
slot 17b:. ■'^tee.; second moving barrel 19 is molded using a 
synthetic resin, specifically, a polycarbonate containing 20 
percent glass fibers, and the follower pro ject ions 19a are 
integrally formed on the second moving barrel 19 . The: 
second moving barrel 1? may be formed from other types of 
synthetic resins. ; The linear guide barrel 17 is also molded 
usin ? , a Polycarbonate containing 20 percent glass fibers , . 
but. may be formed from other types of synthetic resins. 
Follower : pins : 18 are positioned in the follower : £rq j ec t ions 
19a/ Each follower pin 18 consists of a ring member 18a, ; 
and a center fixing screw 18b which supports the ring member 



18a ■ on the corresponding, follower projection,, 19a. . The 
follower projections 19a are in slidable engagement -with the 
lead slots 17b of the - linear guide barrel 17, and the 
follower pins. 18 are in slidable engagement with the linear 
guide grooves 16c of the . thir.d. moving .barrel 16.. . With such 
an arrangement, when, the -third moving barrel 16; .rotates,: the 
second moving barrel i? : moves linearly in the; bptical- axis 
direction, while rotating. 

On the inner, periphery of the second moving barrel 19, 
the first moving barrel 20 is engaged. The first- moving 
barrel 20 is provided on an outer periphery' of the ■ rear 
thereof with a plurality of follower pins 24 each engaging 
With the corresponding / inner lead groove 19c, and ;at the: 
same time the first moving barrel 20 is guided - linear-ly by a 
linear guide member 22 . The f irst moving:' .barrel 20 is 
provided at the front end thereof with a decorative plate 41 
secured thereto. 

As shown in Figures. 7 and 8, the linear guide member 22, 
is provided with aii : annula : r member .22a, a pair of guide; legs 
: 22b and a plurality of engaging projections 28. The pair of : ' 
guide legs 22b project from the annular member: 22a in the 
optical axis direction. The plurality of. engaging 
projections 28 each project f rom : the annular member 22a- away 
from the optical axis 0 in a radial direction. The engaging 
projections 28 slidably engage with the linear guide grooves 



17a. The guide legs 22b are respectively inserted into 
linear guides 40c between the inner peripheral surface of 
the first moving barrel 20 and the/AF/AE shutter unid.2i. 

The annular member 22a of the linear guide member 22 is 
connected to the rear of the second moving barrel 19, such 
that the linear guide member 22 and the second moving barrel 
19 are capable of moving along the optical axis 0 as a 
whole, and in addition are capable of relatively rotating 
around the optical axis O. The linear guide member 22 is 
further provided on the outer periphery of the rear end 
thereof with a rear end flange 2 2d, The linear guide member^ 
22 is further provided in front of the. rear end flange 2 2d 
with a retaining flange 22c. A circumferential groove 22 f 
: is formed between : :the rear -end flange 22d and the- : retaining )'■ 
flange 22c. The retaining flange 22c has a radius smaller 
than the rear end flange 22d. The retaining flange 22c is : 
provided with ;a plurality of . cutout portions 22e, as shown" 
in Figure 7 or 8, each allowing a corresponding -engaging 
projection 19b to be inserted into -the circumferential 
groove 22 f, as shown in Figure 17. 

/The second moving barrel 19 is provided on an inner 
periphery of the rear end thereof with a plurality of 
engaging ^proiect ions 19b, . ;each projecting' towards theij 
optical :axisy 6 in a radial direction. ; By inserting the . • 
engaging projections 19b into the circumferential groove 22 f 



through the corresponding cutout portions, 22e, the engaging 
projections 19b are positioned in the circumferential groove 
22 f between the flanges 22c and 22d By rotating the second 
moving barrel 19 relative to the linear guide member 22, the 
engaging projections 19b are engaged with the linear guide 
member 22:. With the above structure, when the second moving 
barrel 19 rotates in the forward or reverse rotational 
direction, the first moving barrel 20 moves ••lineairiy^: 
forwardly or rearward ly along the optical axis 0., but is 
restricted from rotating. 

At the front of the first moving barrel 20, a barrier 
apparatus 35 having barrier blades ,48a and: 48b is mounted . 
On; an inner peripheral face of tne first: moving barrel 20 
the AF/AE shutter unit 21 having the shutter 27, consisting 
• of three shutter blades 27a , is engaged and : fixed, as shown 
in Figure 15. The AF/AE shutter unit 21 is provided with a 
plurality of fixing holes 40a formed a,t even angular 
intervals on the outer periphery of the shutter mounting 
stage 40 V Only one of the fixing holes 40a appears in each 
of . Figures 7::'thro\igh ll \ ~ 

■ <m: . : Ttie^l^fot^J^t^onBd plurality of follower pins 24, which 
engage with the- inner lead grooves 19c, also serve as a 
device for fixing the AF/AE.::. shutter Vunit. 21 to the first 
moving barrel 20 . , The f 61 lower pins . 2 4 , ar e inserted, in 
holes 20a, formed on the first moving barrel 20 , and fixed 
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i " the f * xil ^ g : h P ; ies 40a. With this Arrangement the . af/a^ ; 
shutter unit 21 is secured to the first moving barrel 20 as 
shbvm in figure- 10. In Figure 10 the first moving barrel. 20 
is indicated by phantom lines, ... The follower 'pins 24 may be' : 
fixed by. an adhesive, or the pins 24 may be formed as screws 
•to be screwed Into the fixing holes 40a. 

As illustrated . in Figures 11 ahd 18, the AF/AE shutter, 
unit 21 is provided with the shutter mounting stage 40, a 
shutter blade supporting ring 46 fixed on the rear -of the 
shutter mounting stage 40 so as to be located inside, the ' 
shutter mounting stage 40, and the lens supporting .barrel 50 
supported in a state of being capable of movement, relative 
■ ta V ter , mounting s tage 40. : On the ; shutter mpulting : 

S :^? e . :'the. lens supporting barrel 34, the .*: AE motor 29, : 
and the rear lens group driving motor 30 > are supported/ 
The shutter mounting stage 40 is provided With an annular : 
/member ' 4.0|: having ;. a ' circular: aperture 40d, .. The shutter- i 
mounting stage 40 is also provided with three legs 40b which ■ 
pr;<5j ® c ^ : '- re ^ rw ^ d . frpm the annular member ; 40f . Three slits'" '* 
^ ^^ n6d : be ^ We ^ n the three legs 40b. Two of the slits ; 
W 1 ^/^^ • Aforementioned linear guides 40c, . which 
slidably: engage .with the respective pair; of guide legs 22b ; 
of the - linear: guide member 22 so as to- guide, the 'movement of 
the linear, guide member 22. ■ 

The shutter mounting stage. 40 supports ah AE gear train 
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45, which transmits .a rotation of the AE motor 29 to the 
shutter 27, a 'leiis giving ;gear /train 42; which transmits 
rotation of the rear, leiis group driving motor 30 tb. a screw 
shaft 43, photoint^rupters 56 . and 57, connected to a 
flexible printed circuit board 6, and rotating dikks 58 and 
59; having a plurality of radially formed slits provided, in 
the circumferential; direction . An encoder f or : d^ 
whether the rear leiis .group driving motor 30 is rotating and . 
for detecting an amount of rotation of the rear lens group . 
driving motor 30 cpnsiists of , the phbtointerrupteir 57, and . the , / 
rotating disk 59. : An AE motor encoder for detecting whether 
the AS motor 29 is rotating and for detecting an amount of 
rotation of the AE.mptor 29 consists of the phot ointerrupter 
56 and the rotating disk 58. 

. The shutter 27, ,a supporting member 47 which pivotal ly; j 
supports the three shutter blades 27a of the shutter 27; and:; 
a circular driving member 49 r >: which gives;; rotative power to 
the shutter blades 27a, are positioned between the shutter 
mounting stage. 40 and the shutter blade supporting ring 46, 
secured to the shutter mounting stage 40.... The circular j 
driving member 49 is provided with three operating 
-■: projections 49a at: even angular intervals, which, 
respectively engage with each of the three shutter blades 
27a. As shown; in Figure 11 , the shutter blade supporting 
ring 46 is provided at a front end thereof with a circular- 
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aperture 46a and with three supporting holes 46b positioned 
at even angular intervals around the circular aperture 46a. 
Two deflection restricting surfaces 46c are formed on the- - • 
outer periphery of the shutter blade supporting, ring 46. 
Each deflection restricting surface 46c is exposed outwardly : ■ 
from the corresponding: linear guide 4 0c and * slidably - 
supports the inner; peripheral face of the. cor^e^pbhding . ' 
guide leg 22b. 

The supporting member 47, positioned in front of the 
shutter blade supporting ring 46, is provided with a V ^ ; 
circular aperture 47a, aligned with the circular aperture : 
46a of the shutter blade supporting ring 46, and^with : threei. ''^ 
Pivotal shafts 47b (only one of which is. illustrated in' S 
Figure 11) at respective positions'; ;bpibsite the three ■• 
• supporting holes 46b. ; Each shutter |lade 27a. is provided at 
one end thereof with a hole 27b into which the corresponding 
Pivotal shaft 47b is inserted, so that each^ shutter blade ] 
.:^.7a is rotatable about the corresponding pivotal shaft 47b> 
the major part of each shutter .brade\27a, .that ^end^ ■ 'lb. 
normal to, the optical axis 0 from the pivoted end, is formed " 
as a iight interceptive portion. All three light 
interceptive portions of the shutter blades 27a together 
prevent ambient light, which; enters the;, front lens group LI, 
from entering the circular apertures 46a and 47a when the 
ShUtter blades 27a are closed. Each shutter blade 27a is 



I 



further provided, between the hole' 27b and the light 
: intercept iye. portion thereof, with ; a slot 27 c , through which 
the corresponding operating projection 49a is:, inserted. The 
supporting member 47 is fixed to the shutter blade 
supporting ring. 4 6 in such a manner that each shaft 47b, 
which supports the corresponding shutter blade 27:a^ is 
engaged with the corresponding supporting hole 46b of the 
shutter blade supporting ring; 46..- : 

A gear portion 49b is formed on a part, of the outer 
periphery of . the circular driving member 49 . The .gear 
portion 49b meshes with one of the plurality of gears in the 
gear train 4 5 to receive the rotation from the gear train 
45. The supporting member 47 is provided, at respective; 
positions close to the::three pivotal shafts 47b, with three 
arc grooves 47c each arched along a circumferential 
direction. The three operating projections 49a of the 
circular driving, ring 49 engage with the slots. 27c of the 
respective shutter : blades 27a through the respective . ; aire -. 
grooves. 47c. The shutter blade supporting ring 46 is : 
inserted from the ^fear of tiie-shutter-mounting stage 40, to 
support the circular driving; ring. 49 , the,; supporting member 
47 and the shutter 27, and is fixed, on the shutter mounting 
stage 40 by set screws 90 respectively inserted through 
holes 46x provided . on the shutter blade supporting ring 46. 

Behind the shutter blade supporting ring .46, the lens 
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supporting barrel 50 ^supported to be able to move Relative , 
■ to the shutter mounting stage 40 via guide shafts 51 and 52, 
.: ^ positioned. The shutter mounting stage 40^ and the lens ' 
supporting barrel 50 ;are biased ,in opposite directions away 
• fXOt * ea ^ other by a. coil spring s, fitted on the guide" shaft ;., 
. 51;; and therefore play/between ! the shutter mounting stage. 40 : 
and the lens supporting barrel 50 is reduced/ in addition, 
a driving gear 42a, provided as one of the gears in the gear 
train 42, is provided with a female thread hole (not shown) 
; at the axial center thereof and is restricted to move- in the 
axial direction... The screw shaft 43, one end of which is 
fixed to the 'lens supporting: barrel 5 0 ; engages with the., 
/.female, thread hole. Accordingly, the driving, gear 42a .an^, > / ...^ 
; the screws shaft 43 i together constitute^ feed screw ' 
mechanism. ; in such a manner, when; the/ driving gear; 42a 

rotates clockwise or anti-clockwise" due : i« ^ 

e aue to driving by the rear 

•lens group; driving motor 30, the screw shaft 43 .respectively 
moves for^rdly or rearwardly with respect to the driving 
gear 4 2a/ ]Snd therefore the lens supporting barrel 50, ; which : , 
supports the rear lens group L2, moves relative to the front / 
lens ...group LI. 

;.> holding member 53 is fixed at the front of the 
shutter mounting stage . 40. ; The holding member; 53 '' holds the V/ 
-otors 29 and :30: between the holding member 53 and the ' - ■ 
shutter mounting, stage. 40. The holding member 53 has a '''. 



metal holding plate 55 fixed at the front thereof by set 
screws 99. The motors 29, 30 and the photointerrupters 56, 
57 are connected to /the flexible printed circuit board 6. 
One end of. the flexible printed circuit board 6 is fixed to 
the shutter mounting stage ,40 . 

After the first, second and third moving barrels 20, 19 
and 16/ and the AF/AE shutter unit 21 and the. like are 
assembled,, the aperture plate 23 is fixed to the rear of the 
linear guide barrel 17 , and an annular retaining member 33 
is fixed at the front of the fixed lens barrel block '12. 

In the zoom, lens barrel 10 there is provided : a 
mechanism for: preventing the zoom lens barrel 10 from being 
damaged when a strong impact is applied to the front end of 
the zoom : I erii- : ; i>arr e 1 10 in a direction of retraction 
xhereof , ' while all the first through third moving barrels 
20, 19 and 16 i. are fully retracted in the fixed lens barrel 
block 12, Such a mechanism will be hereinafter discussed 
- wit^; re^ mainly; Figure^ 1 through. 6.. . .. 

The mechanism for preventing the zoom lens barrel 10 
• from being damaged may be realized by the third moving 
barrel .1^,. the linear guide barrel 17 and the second moving 
barrel 19. 

A^. shown ..in Figure 3 or 4, each of the. plurality or 
ring members 18a is provided with a circular recress 81b.: A 
head 80a of the corresponding center fixing screw 18b is 
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seated on the circular recess 81b. A central hole 81a is 
-formed ai : . the : : center of -the bottom of the circular recess 
81b, tlurbugh which a threaded shaft 80b of the corresponding 
center f ixifig: screw 18b is inserted. A screw hole 19d, : is 
formed on the second moving barrel 19 on each follower 
projection 19a. The thread shafts 80b are respectively 
secured to the screw holes 19d. The bottim edge of each 
ring member 18a is tapered toward the secbnd moving barrel 
• 19 in a radial direction thereof, so that each ring member . 
; 18a is provided at a bottom edge thereof with a tapered : 
. surface 81c . The linear guide barrel 17 -is provided; along 
- : ; ^ an outer edge of each lead /slot . 17b/ with a tapered lead 
\ : surface -17^> which is formed oblique by a predetermined 
■ angle to firmly contact the tapered surface 81c of the 
: • corresponding, ring member 18a . As can, be :: s^.en from Figures 
3 , 4 and 6; a rearmost cuter edge ; of each lead slot 17b, 
which extends along iand is adjacent to the retaining flange 
17 e, is; not formed aJs^the tajpered lead surface 17ri. 

. The* linear guide barrel 17 isfj^pyid^L, on the . front 
■;. surface of the. retaining flanges ; : 17e i with; ai plurality of 
■■■ bumper surfaces 17m. - Each of the bumper /surfaces 17m is 
positioned to correspond to , the rear end. : pf the : 
\ corresponding lead slot 17b. The ring members 18a. 
- respectively bump against the bumper surfaces 17m when the ■ • 
second moving barrel i9 is driven to move back to its fully- 



\ 
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retracted position relative to the. linear guide barrel 17, 
that is, when the zoom lens barrel 10 retracts to the ., 
retracted position thereof Each lead slot 17b is provided, 
at a rear end ; theryeof , with an end slot. 17b v '(Figure. 5) [ 
which extends in a circumferential direction of : the linear 
guide barrel 17 and extends . along and is adjacent to : the 
• retaining flange 17 ^> ■ 

A lead groove 17p* for the corresponding follower:' 
projection 19a to be inserted into the corresponding lead 
siot. 17b during an assembly # of the zoom lens barrel 10 , is 
formed, on an inner periphery of the rear end of the linear . 
guide barrel 17 at the rear • end of .each lead slot 17b. 
During an assembly of the zoom lens barrel 10 , when the. • 
second moving : barrel 1? is fitted in the linear guide barrel 
17}- firstly, the second moving barrel 19 is .inserted into 
the linear guide barrel 17 from the rear end thereof , and 
; subsequent ly, the follower projections 19a are respectively V 
inserted into . the lead slots 17b through the lead grooves 
17p. Thereafter/ the ring members 18a are respectively 
, secured! onto the follower projections 19a by the center 
fixing screws 18b. Therefore, once the second moving barrel 
19 and the linear guide barrel 17 are assembled in such a 
manner, - the second, moving barrel 19 : cannot be taken out of ' ' . 
• "'. the; ..linear, guide - barrel 19 from the. rear:, end thereof/, since 
the ring members . 18a bump against the. : bumper surfaces 17m - ; ... 



when the second moving barrel 19 is moved back to its fully- 
retracted position relative to the linear guide barrel 17 . 
Therefore, the bumper surfaces 17m function as stoppers to 
prevent the second moving barrel 19 from coming out of the. 
linear, guide barrel;. 17, from a rear. end. thereof. : , 

The ring members 18a respectively and slidably fit in 
the linear guide grooves 16c as noted above, while the 
follower projections 19a respectively and slidably fit in 
the lead slots 17b. Accordingly, when the third moving 
barrel 17 moves along the optical axis 0 while rotating.; 
about the optical axis 0 relative to the fixed lens barrel 
block 12, the second moving . barrel 19 moves along thfe : 
optical axis 0 relative to the third moving barrel 16 while 
rotating together with the. third moving barrel:-! the 
same rotational direction relative to the fixed lens barrel 
block 12. 

The lead slots 17b are formed as linear grooves, each 
of which is oblique, to both the ' optical, axis - direction and a 
circumferential direction of the linear guide barrel 17 by a 
predetermined angle as noted above, so that the ^follower 
pins 18 are driven to move in the optical: axis direction at 
a constant speed when the third moving, baxrel 16 is, driven 
to rotate at a constant rotational speed. ./However, each 
lead slot 17b is regarded as a particular type of cam: slot 
for moving the corresponding follower pin 18 iri the optical 



axis direction at a ;speed having no variation when the third 
moving barrel 16 is driven to rotate at a constant 
rotational speed; - 'Therefore, the lead slots 17b may be : 
considered to be cam slots formed on the linear guide barrel 

17. v ; " : •- ■;.'■]• ■"•^...v^.;-. . .. . . .... ... ;. . /.-.M- 

Generally, when an impact is applied to. the front end 
of a telescoping type of zoom lens in a direction of 
retraction thereof while the zoom lens is advanced from a 
camera body, the impact will be absorbed , by a clutch, 
helicoids, cam slots, . cam grooves or the like,, provided in 
the zoom lens, without the occurrence of any. damage, in the 
case where the lead of the helicoids, cam slots, cam grooves 
or the. like is small.. . An arrow "A " shown in Figure : 6; : 
represents a direction of such an impact However, when a 
strong impact is applied to the front end of the telescoping 
type of zoom lens ' barrel : in : ; a direction of retraction 
thereof while the , zoom lens- /lbarr.el : ^ isV:Bpliy 'tetr^cted, : '"tli^;. 
helicoids, cam slots;,.; cam/grooves .and/pr ; .peripheral members 
ih the zoom lens may : bel damaged; : particularly in. the case 
where the lead of the helicoids, cam slots cam grooves or 
the like is large. However, tlie ; zoom lens, barrel 10 of the 
present, embodiment . does not easily suffer from such a 
problem. In the zoom lens barrel 10, in the case when an 
impact, is applied to the front/ end of the zoom lens barrel 
10 in a direction of retraction! thereof while all the first 



through third moving barrels 20, 19 and 16 are being fully 
retracted into the fixed lens barrel block 12, i.e., with 
the follower pins 18 being respectively located at the end 
slots 17b' of the lead slots 17b as shown in Figure 6, the 
impact is received not only by the end slots 17b ' of the 
lead slots 17b through the follower projections 19a but also 
by the retaining flange 17e at the bumper surfaces 17m 
through the ring members 18a. 

An arrow "B" shown in Figure 6 represents a direction 
of the impact applied to the retaining flange 17e through 
one of the ring members 18a. If the impact were received by . 
; merely the rear ends of the lead slots 17b through the 
follower projections 19a, the rear ends of the lead slots 
17b would be damaged and/or the follower pins 18 and the 
follower projections 19a would run-off the lead slots 17b. 
which may cause damage to the zoom lens barrel 10 However, 
since the impact is received by not only the end slots 17b 1 
through the follower projections 19a but also the retaining, 
flange 17e, whose strength 'is sufficiently strong, through 
the ring members 18a, the zoom lens barrel? is less likely 
to. be damaged, .» 

In the zoom ..lens barrel 10:. .there is -provided a cam 
mechanism for producing a predetermined movement between two 
moving barrels (the second and third barrels 16, 19) Which 
are concentrically arranged. The cam mechanism includes the 



linear guide barrel 17; the follower p^bjectiohs 19a of the 
second moving barrel 19, the follower .pins 18, the. linear 
guide, grooves 16c of the third /moving barrel 16, etc. 

The linear guide parrel 17 and. the. second moving barrel 
19. are. assembled in. the foil owing manner. Firstly, -the 
second moving barrel 19 is inserted into the linear guide 
barrel 17 f rom the • -rear end thereof While each of the 
follower projections 19a is inserted into a corresponding 
one of the lead grooves 17p. Thereafter, each- of: the ring 
members 18a is placed on the top of a corresponding, oni/'.b.'f 
the follower projections 19a, which comes.- out of th% 
corresponding lead slot 17b, and subsequently, each ring ; 
member 18a is secured to the corresponding follower 
projection 19a by screwing the fixing screw 18 in the screw 
hole 19 d.: In this state, the second moving barrel 19 cannot 
be taken;;but of .the linear: guide barrel 17 from the- rear .end; 
thereof since the ring members 18a respectively contact the 
bumper surfaces 17m when the second moving barrel is ma 
state of being most retracted relative to the linear guide 
barrel 17;:: : 

. In / the case /where each of the lead slots 17b . is formed. 
merely as a conventional lead slot, that is, a lead slot 
whose side: surfaces extend, parallel to: each other and thus, 
do not approach each other in a direction away from the 
corresponding follower projection 19a and also the case 
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Where each of the followers, which engage with a- 
corresponding one of such conventional lead; slots and a 
corresponding one of the linear guide grooves 16c, is formed 
merely as a single follower integrally formed on the second 
■ moving barrel : 19, not as a combination of the follower : 
projection 19a and the ring member 18a, a mold used for ^ 
molding the linear guide barrel 17 would have quite a 
complicated structure which may be comprised of a plurality 
of mold Pieces. In addition, in the case where the 
•aforementioned single follower is integrally formed on the 
; second moving barrel 19, instead of the combination of the 
follower projection 19a and vthe ring member 13a, each lead 
groove 17p needs to be provided as a . lead slot which 
penetrates completely through the linear guide barrel 17 in V" 
a radial direction thereof, because each single follower . 
will be much longer than the thickness of the linear guide 
barrel 17 in the radial direction, this deteriorates the 
strength of the linear guide barrel at a rear portion 
thereof. in this case, if such a strength needs to be 
maintained, the linear guide barrel 10 must be formed 
thicker at the rear portion thereof,, which results in 
increasing the size of the zoom lens barrel 10. 

However ' according to the zoom, lens' barrel 10 of the .V 
present embodiment, such a problem is bvircbme due to the 
aforementioned structure in which the ring members 18a are 
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respectively fixed to the follower projection 19a after the 

second moving barrel?, 19 : has; : - be en inserted in th# linear /•:* " ' • V - 

guide barrel . 17 during assembly . in addition, since the 

ring members 18a and the follower projections' ;19a are. 

separately formed and, since each follower projection 19a is 

tapered in-:;:k direction away from the optical ; axis>oi.'k. *Qid-.->V-v>ftvA: 

. to be V^^vfor^iti^^in^ the linear guide barrel 17 can be .. 
formed as a mold having a simple structure. 

In the abo ve - d e s c r ibed embodiment of the zoom lens 
barrel 10, : although the zoom lens optical system consists of 
two . movable lens groups , namely the front. lens : group . LI and. 
the rear lens group L2 , it should be understood that the 
present: . invention is ; not limited to the present embodiment 
disclosed above, but the present: invention may also be 
applied .to, another type of zoom lens optical, system . 

: including one. or. more fixed lens group. ... 

In addition- in the above embodiment, the rear, lens 
group LI is. provided as a component of . the AF/AE. shutter 
unit; 21, and; the : AE motor 29 and vthe rear -lens ; group ^ciriving 
motor 30 are mounted to the AF/AE shutter unit 21 With 

.:' s\ich. a structure, the structure for supporting ! ; the front; and 
rear lens groups LI and L2 and the structure for driving the 
rear lens group L2 are both simplified. Instead of adopting 
such a structure, the zoom lens barrel 10 may also be 
realized in such a manner by making the rear lens group L2 a : .. 



\ 
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member separate f^om the : AF/Ae shutter, /unit 21 , which' is 
provided with the shutter mounting stage 40, the circular 
driving member 49, the supporting member 47, the shutter 
blades 27, the "putter /blade supporting \ xing/<4 6 and j|ei 
like, and, that , the rear lens group. L2 is ■ supported by "any; 
• supporting membe|; pther than the AF/AE shutter unit 21. 

: In the z <?^ lens , camera of the present' embodiment, the 
operation by rotation of the whole optical unit driving 
motor. 25 and the rear lens .group driving motor : 3 0 will now 
be described with reference, to Figures 14, 15, 16: and 17. ■ : 

As shown in Figure 1.5 or 17, when the zoom lens barrel 
10 is at the most retracted •(withdrawn) position,;! .e., the 
lens-housed condition, when the power switch is turned : .GN, ; 
the whole optical unit driving, motor 25 is driven to rotate 
its drive ; shaft in the forward rotational direction by a 
, small amount. This rotation of the motor 25 is transmitted 
■to the driving pinion 15 through, a gear train 26," which is 
•supported by a supporting member 32 formed. integral with. the. 
/fixed lens barrel block 12, to thereby rotate the third 
: moving . barrel 16. in one predetermined rotational direction . 
t0 \ advance forwardly : along the optical : axis ; 0 . .Therefore; ' 
the second moving barrel 19 and the first moving barrel 20 
Jare . each advanced by a small amount .in ' /the /optic a 1 axis ' ' 
direction, along with the third moving barrel \ 16 1 'In- 
consequent ly. the camera is in a state capable of 
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photographing, with the zoom lens positioned at the- widest 
position, i.e. > the wide end. At this stage, due to the 
fact tha t th£ amount bf ; movement of the linear guide . barrel "". 
17, with respect to. the fixed leiis barrel block 12, is. 
. detec ted :; through the relative slide between the code plate 
13a and the contacting terminal 9, the focal length of the: .. .-' 
. zoom lens barrel 10, i.e., the front and rear lens groups LI • 
and L2 , is detected. 

In the. photographa^ie state, as above described, wh^n , . 
thie ^ aforementioned zoom operating lever is manually Vmibved 
towards a "tele" side, or the M tele "• zoom button is manually; 
depressed to be turned ON, the ..'whole: - : optical:^ unit y 
; motor 25 is driven to rotate its drive shaft in the forward 

rotational direction through the whole: dp 
; motor controller 60; so that . .the third .moving barrel- 1 6 : .; 
rotates in the rotational direction ^ advance along the 
optical axis O via the irivih ; § : .^ihibn 1.5:' ..and the outer 
." . peripheral gear 16b Therefore, the third moving barrel 16 . • . 
is advanced from the fixed lens barrel block 12 according to 
the relationship between . the female •■Helic and the 

male : helicqid 16a. .. At the. saitie Jtime, the linear, guide 
barrel 17 moves forwardly in thie optical axis direction 
together with the third moving barrel 16, : without relative 
rotation to- the fixed lens . haf rigl:; ; block;^12 : .acc prying''. to thte • . 
relationship between the engaging projections 17c and the 



linear guide grooves 12b. At this time, the simultaneous 
- engagement . of the iollowe.f pins 18 with the respective lead 
slots 17b and linear guide grooves 16c causes the second 
moving barrel 19 to move forwardly relative to the third 
moving barrel 16 in the optical axis direction, while 
rotating together with the third moving barrel 16 in the 
same- rotational direc tf on relative to the fixed lens barrel 
block 12. The first moving barrel 20 moves forwardly from 
the second moving barrel 19 in the optical axis direction, 
.together with the AF/AE shutter . unit^ 21,: : without^ relative 
rotation to the fixed lens barrel block 12, due:: to the 
above-noted structures in which the first moving barrel 20 
is guided linearly by the. linear, guide member 22 and in 
which the follower pins 24 are guided by the lead grooves 
19c. During such movements, according to the fact that the 
moving- position of the linear, guide; barrel 17 with respect 
to the. fixed, lens .barrel blbck^vis detected 7 through the 
' .relative .slide between the^code plate 13 a ; and; the contacting 
terminal . 9 , ... th e : focal length set' by the zoo* "operation 
'device 62 is detected. 

. Conversely, when the zoom operating lever is manually 
moved towards a "wide" side, or the -wide" zoom button is 
manually depressed to be turned ON, the whole optical unit 
driving: motor 25 is driven to rotate its drive shaft in the 
reverse rotational direction through the whole optical unit 
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drying motor controller 6^ so that the third moving barrel 
16 rotates in the rotational direction to retract into;, the 
fixed lens .barrel block .12 together with the linear guide 
bairre : 1 37 : : .same time, the second moving barrel 19 : ±±s- 
retracted .into tne third moving barrel 16, while rotating in 
the same direction as that of the third moving barrel 16, 
and ...the first moving barrel 20 is retracted, into the 
rotating second moving barrel 19 together with the AF/AE 
•shutter, unit 21. During the above retraction driving, like 
the case' of .advancing driving as above' described, the rear " 
lens group driving motor 30 is not driven. 

While the zoom lens barrel 10 is driven during the 
zooming, operation, since the rear lens group driving motor 
30-is .; not driven, : the front; lens group M 'ana *the rear:, lens.. • 
group L2 move as a, whole, maintaining a constant distance 

: between veach other , as shown in Figure 14 or 16. . The focal 
length input via the zoom code plate ;i 3a and the:.:' contacting; 
terminal 9 is indicated on : an LCD panel (not shown):: provided:, 
on the camera body. ' 

At any ; focal length set by the zoom, operating device 
62, when the release button is depressed. by a half-step, the 
object distance measuring apparatus 64 is actuated to 
measure a current subject distance. At "the same time the 
phot omet er ing ? : app^r a tu s 65 is actuated, to- measure a' current 

•subject brightness. Thereafter, when' the ..release button is : 



fully depressed, the whole optical unit driving motor 25 and 
the rear lens: group driy^gymotor: -^Q-Vare 'each driven by. 
respective amounts- dictated according, to the focal length 
information set; in advance and the subject distance 
information obtained from the object distance measuring 
apparatus 64 so that the: front and rear lens groups LI and 
; L2 are respectively moved to specified positions to obtain a 
specified focal length to thereby bring the Subject into 
focus. Immediately after the subject is brought into focus > 
via the AS motor controller 66, the AS motor 29 is driven to 
rotate th^ circular ^driving member 49 by an Amount 
corresponding;; to the subj ect • brightness : information obtained 
from t:he ]?hotometering. apparatus . 65; so; that the ; shutter 27 
. ^!;.: driver? ; :^' °* en thej -shutter blades, : 27a by; a specified 
amount which satisfies, the required/exposure; Immediately 
iafter such a shutter Release operation, in which the three 
shutter blades 27a are opened and subsequently closed, is 
completed, the whole optical unit driving motor 25 and the 
rear lens group driving motor 3 0 are both driven to move the 
front lens group LI and the rear lens group L2 ^to the 
respective initial positions at which they were at prior to 
a shutter release. 

In the present embodiment of the zoom lens barrel 10, \. 
"Fantas Coat SF.6- is^sed as the. coating 72e? However, a 
different type of coating may be used as the coating 72e as 
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iorig as it is waterproof . and"'inakes' :the.'tircula abutting. : 
surface 72b : sl smoot^surf ac gap 

between the circular abutting surface 72b and the 
. circumferential portion fp. / 

. of; : ;the / present invention . described herein, such • 
modifications being within the scope : of the 

: invention claimed, .' It is . indicated: : ^that all - matter 
contained herein is illustrative and does not limit the 
scope of the present . invention. 



CLAIMS: - 

i.. A cam mechanism used for a photographic lens which 
includes a movable -barrel and) a cam ring fitted on said movable 
barrel such that said moving barrel is movable relative to said 
cam ring along an optical axis of said photographic lens, said 
cam mechanism comprising: - : ; 

at least one cam slot formed on said cam ring extferiding 
obliquely to a/direction of said optical axis, wherein said at; 
least one cam slot is formed such that a cross ^section along a 
plane perpendicular to a longitudinal direction of said: at- 
least one; cam slot tapers in a direction away .from, said optical:: 
axis;' . 

at least- one follower project ion integrally formed on said 
movable barrel, wherein said at least one follower projection 
is formed to taper in said direction away from said optical 
axis to : be. firmly fittable in said at least one cam slot;-' 

;at :least:: :: onie lead groove for allowing insertion of said at 
least one-;, follower projection into said at least one cam slot 
during an .assembly of said photographic lens, said at least one 
lead groove being formed on an inner periphery of a rear end of. 
^s^d'^ 6 ^^^^?^ at * rear end of said , at least pne cam slot ; 

at least one follower respectively; provided on said at 
least one follower projection;* and 

at . least one stopper ; f qr : contacting . said at least one.. 
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follower when = said m^ving : b is f ully; /retracted into : : /Sai;d[ ; 

cam ring for preventing said movable barrel from coming out of 
said cam ring from a rear end thereof, . said at least one 
stopper being integrally formed on an outer periphery of said 
movable barrel adjacent to said rear end of said at least one 
cam slot. 

2. A cam mechanism according to claim 1 , wherein said 
photographic, lens is a zoom lens. : .. 

3V-A cam mechanism, according to claim i or 2, wherein said 
cam ringi is guidable. along said optical. axis without -rotating 
about said optical axis relative, to a . s t a t i on a r y bloc k o f said .< 
photographic: lens 

. 4 . A cam mechanism according to any one of claims 1, . 2 or:: 
. 3, • wherein; .said : at least ; one follower is. a -ring member ; 
securable : onto : said at least one follower projection by. a;: 
fixing .screw screwable in , said, at V" least one. follower: 
projection;. : . 

5. A cam mechanism according to any one of claims. 1 to 4, 
: wherein said at least one, cam slot is oblique to said .direction 
of said optical ;axis by a predetermined angle . ; 

6 . A cam mechanism according to any -one of claims .1 to 5, 
: further comprising: 

a rotational barrel; fitted on .:; said, cam ring to be 
rotatable about said optical axis relative to said -cam ring; 
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and . ■■ v.- 

at least one guide groove formed on; an inner periphery of 
said rotational barrel, . said^at least one -follower being fitted 
in said at least one guide groove to be.: guidable the re a long, 

. 7. A -cam mechanism according to claim, 6, wherein said at 
least-: one -guide groove extends in said direction of said 
optical axis. 

8. A cam mechanism according to claim 6 or 7, wherein said 
rotational barrel is fittable on said cam ring to. be lirmovable 
along said optical axis relative to said cam ring. 

9. A cam mechanism substantially as hereinbefore described 
with reference to Figures 3 to 6 of the accompanying drawings. 
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